Abstract. To determine the incidence and risk factors associated with tumor seeding after radiofrequency ablation (RFA) of hepatocellular carcinoma (HCC), 781 lesions from 352 patients who had undergone ultrasound (US)-guided RFA at our hospital between April 1999 and December 2005 were examined. Of these patients, 6 presented HCC lesions (6 lesions in total) and tumor seeding (7 seedings in total), which were analyzed. RFA using RITA 500 PA, the Cool-tip RFA System or the RTC 2000 System was performed. RFA sessions were repeated until complete necrosis was confirmed by imaging. Subsequently, follow-up was performed every 3-4 months by means of computed tomography (CT) and US scans. The 6 patients were retrospectively analyzed for patient characteristics, CT and histopathological findings, RFA method and complications, and clinical and imaging progress and outcome. Of the 6 lesions, 2 were in a subcapsular location at S7. Mean tumor diameter was 23.3±9 mm. Tumor biopsies indicated that 1 of the 6 lesions was well-differentiated, 4 were moderately-differentiated, and 1 was undifferentiated. The RITA 500 PA was used in 2 cases, and the Cool-tip RFA System in 4. Seeding was identified 14.6±13 months after RFA. Four of the cases with seeding were located on the abdominal wall, 2 on the thoracic wall and 1 in the Douglas pouch. Four of the patients underwent surgical resection, 1 radiation, and 1 conservative treatment for seeding. Five of the 6 patients died 12.6±9 months after seeding was detected, with the exception having undergone surgical treatment. The seeding risks identified in this study include treatment of subcapsular lesions and patient treatment over multiple sessions. The selection of the proper RFA system to avoid multiple sessions and the use of ablation technique are important for the prevention of seeding. Additionally, long-term follow-up after RFA by extensive imaging of the pelvic cavity and the thoracoabdominal wall is needed.
Introduction
Percutaneous treatments are effective for small non-surgical hepatocellular carcinoma (HCC). Recently, percutaneous radiofrequency ablation (RFA) therapy has emerged as an alternative to percutaneous ethanol injection therapy (PEIT) and percutaneous microwave coagulation therapy (PMCT). However, various studies have revealed complications associated with RFA, including a few studies on tumor seeding associated with the needle tract (1) .
In general, the rates of tumor seeding that occur as a result of RFA for HCC are 0-2.8% (2-9), although one study reported a rate of 12.5% (1). The reported incidence varies from center to center as the mechanisms and factors involved in tumor seeding have not been identified, the number of patients analyzed has been small, the follow-up period short, and the methods of treatment varied. No studies have investigated tumor seeding and RFA methods using a sample group of more than 300 patients or long follow-up periods. In this study, we analyzed patients with tumor seeding after RFA for HCC in terms of patient characteristics and the development of tumor seeding complications following treatment.
Materials and methods
A total of 781 lesions from 352 patients who underwent ultrasound (US)-guided RFA instead of PEIT and PMCT as a local treatment for HCC in our hospital between April 1999 and December 2005 were examined. Of these patients, 6 (4 men and 2 women, age 66.5±12 years) with 6 HCC lesions and 7 tumor seedings (including 2 tumor seedings observed in 1 patient after 1 RFA session) were analyzed. Tumor seeding to the thoracoabdominal wall or pelvic cavity was confirmed by imaging during post-RFA follow-up.
The RFA systems used in the patients treated between April 1999 and May 2002 were the RITA 500 PA (RITA Medical System Inc., CA, USA) or the RTC 2000 System (Boston Scientific Inc., Natick, MA, USA), while in those treated between June 2002 and December 2005, the RTC 2000 System or the Cool-tip RFA System (Radionics Inc., Burlington, MA, USA) were used. Analysis of patients with tumor seeding after percutaneous radiofrequency ablation of hepatocellular carcinoma RFA was performed using different needle electrodes as follows: i) the RITA 500 PA was used with RITA handpiece model 30, an expandable outer 14-gauge electrode. The electrode was fully extended, and initial power output was 20 W at 70˚C. After 3 min, the temperature was set to 95-100˚C, and power output was increased to a maximum of 50 W and maintained for >8 min. ii) The Cool-tip RFA System was used with a Cool-tip 17-gauge single electrode. Initial power output was 40 W. This was then increased by 10 W every minute to a maximum of 60 W, and RF energy delivery was conducted three times until impedance increased beyond the limit of the generator. iii) The RTC 2000 System was used with a LeVeen expandable outer 15-gauge electrode. The electrode was slightly expanded at the base of the tumor according to its size, and initial power output was 30-40 W. This was then increased by 10 W every minute until reaching the maximum suitable for the diameter of needle expansion, then maintained until roll-off occurred. Subsequently, the needle electrode was fully expanded and initial power output was set to 40 W. This was increased by 10 W every minute until power output reached 90 W. It was then maintained until roll-off occurred. After a 30-sec pause, power was reapplied at 70% of the maximum output achieved until power roll-off again occurred. If the area of necrosis was insufficient, the needle electrode was moved 5-10 mm upward under US monitoring, and ablation was repeated (stepwise expansion technique).
RFA sessions were repeated until complete necrosis was confirmed by imaging. Subsequently, follow-up was carried out every 3-4 months using computed tomography (CT) and US scans. The 6 patients were retrospectively analyzed for patient characteristics, CT and histopathological findings, RFA method and complications, and clinical and imaging progress and outcome (Table I) .
Results
Of the 6 patients, 2 had type B, 3 type C and 1 alcoholic cirrhosis, and 1 had ascites. Of the 6 lesions, 1 was located in S3, 1 in S4 and 1 in S5, and 3 were in S7. Two of these 3 were in a subcapsular location. Mean tumor diameter was 23.3±9 mm.
Contrast-enhanced CT revealed that all the lesions were enhanced in the early vascular phase. Tumor biopsies performed within the week before treatment showed that 1 of the 6 lesions was well-differentiated, 4 were moderatelydifferentiated and 1 was undifferentiated. In 4 of the lesions, one biopsy was conducted, while 2 biopsies were performed in the remaining 2. One of the 6 lesions was a local recurrence that arose following transcatheter arterial chemoembolization (TACE).
RFA was performed on 1 35-mm-diameter lesion 1 month after TACE. The RITA 500 PA, the Cool-tip RFA System and the RTC 2000 System were used to ablate 2, 4 and 0 of the 6 lesions, respectively. The number of RFA sessions was 1 for 2 of the 6 lesions, 2 for 1, 3 for 1, and 4 for 2.
Treatment-associated complications, other than tumor seeding, were biloma in 2 patients, 1 of whom developed subcutaneous hematoma as well.
Tumor seeding was identified 14.6±13 months after RFA. The mean diameter of the seedings as shown by CT was Table I . Characteristics of the 6 patients presenting tumor seeding after RFA.
-
Patient no. Sex Age (years) Etiology Tumor size (mm)/location Differentiation degree RFA date RFA system Biopsy RFA -
20±8 mm. All 7 lesions were of the nodular type. Four were located on the abdominal wall, 2 on the thoracic wall, and 1 in the Douglas pouch. In patients with ascites, tumor seeding was observed on the abdominal wall along the needle tract and in the Douglas pouch ( Figs. 1 and 2 ). Four patients underwent surgical resection, 1 radiation for tumor seeding, and 1 conservative treatment. Five of the 6 patients died of HCC 12.6±9 months after the detection of seeding, with the exception having undergone surgical treatment. The characteristics of the 7 tumor seedings are listed in Table II .
Discussion
RFA was introduced in Japan in 1999 and is becoming increasingly established as standard therapy in various centers. It is less invasive than curative hepatectomy, yet has been reported to achieve comparable results in patients with tumors less than 30 mm in diameter (10) . However, in recent years several studies have reported tumor seeding associated with the needle tract (1).
Several mechanisms may contribute to seeding. Viable tumor cells may adhere to the electrode during retraction. Tumor cells may also be carried into the tract with slight bleeding. Alternatively, cells may be forced into the tract by the sudden intratumoral hyperpressure frequently encountered during RFA, audible as a popping sound. Finally, cells may be driven in when saline is injected into the tumor during or before RFA (3, 11) .
The rates of needle tract seeding of HCC after biopsy and after PEIT have been reported as 1.6-3.4% (12,13) and 1.1% (14) , respectively. The rate of needle tract seeding of HCC after RFA is controversial as the reported incidence varies from center to center, with a range of 0-12.5% (1-9,15).
At our hospital, no tumor seeding complications occurred in patients who had undergone mainly PEIT for HCC prior to Figure 1 . RFA using the Cool-tip RFA system with a Cool-tip electrode was performed for HCC in S7 with ascites (A) (arrowhead). Biloma occured after therapy. Four months after therapy, tumor seeding was detected on the abdominal wall (B) (arrow) and in the Douglas pouch (C) (arrow). Surgery was performed, and histopathology revealed the 2 tumor seedings to be moderately-differentiated HCC. Figure 2 . RFA using the Cool-tip RFA system with a Cool-tip electrode was performed for HCC in S7 1 month after TACE (A) (arrowhead). Thirteen months after the therapy, tumor seeding was detected on the right thoracic wall (B) (arrow). Surgery was performed. Table II . Characteristics of the 7 tumor seedings. 
-----------------------------------------------------------------------------------------------------
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----------------------------------------------------------------------------------------------------a
The month/year when the tumor seeding was detected by CT or US (period in months from RFA until detection).
b Duration of survival (in months) after the detection of seeding.
- --------------------------------------------------------------------------------------------------- (8) analyzed data from prior studies and reported the mean rate of tumor seeding to be 0.6%, which is in approximate agreement with our results. The rates of tumor seeding in the present study by type of RFA system were 0.5% (2/386 lesions) for the RITA 500 PA and 1.7% (4/232 lesions) for the Cool-tip RFA System. The use of the RTC 2000 System on 163 lesions was not associated with tumor seeding. Llovet et al (1) listed the following as factors that lead to tumor seeding: i) a direct, perpendicular approach to subcapsular tumors, ii) poor differentiation of the tumors, iii) patients with high AFP levels, and iv) the use of the Cool-tip RFA System.
In this study, subcapsular tumors accounted for 2 of the 6 lesions (33.3%). Tumor biopsy showed that 5 of the lesions were moderately-differentiated or undifferentiated. AFP levels were not correlated with tumor seeding (data not shown).
Previous studies have reported that the use of a Cool-tip electrode is associated with a higher incidence of tumor seeding than the use of an expandable electrode (1, 16) . Unlike its expandable counterpart, when using a Cool-tip more than 1 session is sometimes necessary to achieve a sufficient area of necrosis, due to its having only a single needle electrode. In this study, the mean number of sessions required with the RITA 500 PA was 1.5±0.7, whereas with the Cool-tip it was 3±1.4. The RTC 2000 System calls for a stepwise expansion technique to be used. Consequently, a sufficient area of necrosis is achieved in a single session, thereby preventing the unnecessary extrusion of insufficiently coagulated cancer cells from the tumor.
As the mean diameter of HCC tumors in patients with tumor seeding has been reported to be 30 mm (8) , it is believed that the greater the tumor diameter, the higher the rate of tumor seeding. This is presumably because the tumor diameter reflects the poor differentiation of the tumor, and thus curative treatment requires a greater number of sessions. The mean diameter of HCC in the patients analyzed in this study was 23.3±9 mm, with 2 HCC lesions of more than 30 mm in diameter. We make a point of performing RFA combined with TACE for HCC tumors over 30 mm in diameter to reduce the cooling effect of neoplastic arterial blood flow, thereby achieving a sufficient area of necrosis. This has been performed in about 67% of patients. Of the patients who developed tumor seeding, 1 with HCC over 30 mm in diameter underwent RFA combined with TACE. The Cool-tip RFA System was used for this patient, and the number of sessions requried was 3. This presumably caused the tumor seeding, and suggests that not only the combination of RFA with TACE, but also the selection of an RFA system suitable for the tumor diameter, is important in the case of large HCCs. The 7 tumor seedings appeared on the thoracoabdominal wall along the needle tract and exhibited enhancement similar to that of the primary lesion in the early vascular phase of contrast-enhanced CT. One lesion was observed in the Douglas pouch, necessitating follow-up by imaging including the pelvic cavity. Studies have reported that tumor seeding appeared approximately 7-13.6 months after RFA (8, 16) . In this study, tumor seeding was detected within a year of RFA in 4 of the 6 patients, and at 28 and 36 months after RFA in some, suggesting the need for long-term follow-up after RFA therapy.
Based on our experiences, we have been applying the following treatment strategies since 2006: i) selection of an RFA system suitable for the location and size of the tumor to reduce the number of sessions, ii) a gradual rise in power output to prevent a rapid increase in intratumoral pressure, iii) adoption of the stepwise expansion technique with the RTC 2000 System, iv) cauterization of the needle tract, and v) the use of a US-guided needle.
Stigliano et al (8) reported that patients who had undergone a tumor biopsy before RFA therapy developed tumor seeding more frequently than those who had not. Therefore, the possibility that tumor biopsy itself causes tumor seeding cannot be excluded. However, we performed tumor biopsies as needed, both before and after 2006, and did not observe any resulting differences. The only difference between the two periods was the RFA strategy followed, including the selection of RFA system.
Between January 2006 and June 2007, 259 HCC lesions in 153 patients were treated with RFA using the Cool-tip RFA System for 168 lesions and the RTC Generator System for 91 nodules. As of February 2008, after 26 months, no seeding had been observed. No significant difference was noted in the treatment results due to differences in the RFA system in the time before and after 2006. Nonetheless, we believe that multiple sessions with the Cool-tip RFA System are an important factor affecting tumor seeding incidence. Currently, we adhere to a policy of selecting an RFA system suitable for the tumor diameter, and use the Cool-tip RFA System mainly for HCC lesions less than 20 mm in diameter. This achieves a sufficient area of necrosis in a single session in almost all patients. However, various other factors appear to be involved in tumor seeding and, since it can surface several years after RFA therapy, subsequent and attentive follow-up is needed.
Based on our retrospective study of 6 HCC patients who developed tumor seeding after RFA, we conclude that seeding risks include poorly-differentiated tumors and multiple RFA sessions. The selection of an RFA system that reduces the number of sessions required, as well as the ablation technique used, are important for the prevention of tumor seeding. Additionally, long-term follow-up after RFA by extensive imaging of the pelvic cavity and the thoracoabdominal wall is needed.
